J 



NMIIIIIIM 



Europaisches Patentamt 
® /)UJ European Patent Office 

Office europden des brevets © Pub,ication number: 0 291 596 81 



© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 19.01.94 © Int. CI. 5 : G02B 3/14, G 02 B 26/08 
© Application number: 87304564.5 
© Date of filing: 22.05.87 



© Suspension system for a flexible optical membrane. 



© Date of publication of application: 
23.11.88 Bulletin 88/47 

© Publication of the grant of the patent: 
19.01.94 Bulletin 94/03 

© Designated Contracting States: 

AT BE CH DE ES FR GR IT LI LU NL SE 



00 

CO 
CD 
ID 



CM 



References cited: 
CH-A- 241 033 
FR-A- 914 827 
FR-A- 1 602 997 
US-A- 2 300 251 
US-A- 4 466 706 



DE-C- 71 710 
FR-A- 1 543 657 
GB-A- 758 668 
US-A- 3 161 718 



IBM TECHNICAL DISCLOSURE BULLETIN, vol. 
24, no. 1B, June 1981, pages 572-573; J.C. 
EDMUNDS "Variable curvature fluid lens 11 



© Proprietor: OXFORD LENSATS LIMITED 
1a Howard Street 
GB-Oxford OX4 3AY(GB) 

© Inventor: Treisman, Michel, Dr. 

18 Lakeside 

GB-Oxford OX2 8JG(GB) 
Inventor: Silver, Joshua David, Dr. 

19 Cumnor Rise Road 
GB-Oxford OX2 9HD(GB) 

© Representative: Newby, John Ross 
J.Y. & G.W. Johnson 
Furnival House 
14/18 High Holborn 
London WC1V 6DE (GB) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
w may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
£L shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
LU has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 
13. 10/3.09/3.3.3) 



1 



EP 0 291 596 B1 



2 



Description 

This invention relates to a suspension system 
for holding under tension a flexible membrane em- 
ployed as a boundary surface of a liquid lens of 
adjustable focus or a flexible membrane mirror and 
to a new design of liquid lens, the focal length of 
which can be altered by relative movement be- 
tween component parts of the lens holder. The 
invention also relates to an adjustable focus mirror. 

A liquid lens consists of at least one flexible 
transparent membrane which defines a boundary 
surface of a space that can be filled with a liquid. 
The liquid can be at a higher or lower pressure 
than the medium (usually air) contacting the other 
side of the membrane, the pressure difference 
across the membrane causing it to curve so that 
the liquid-filled space functions as a lens. 

A membrane mirror consists of a flexible mem- 
brane suspended in a frame of circular or other 
shape and with a reflective coating on one or both 
sides. Pressure applied to the membrane causes it 
to assume an appropriate conformation and allow 
the reflective coating to function as a mirror. 

For each device, the membrane requires to be 
appropriately supported while the required shape- 
deforming pressure is applied to it. The present 
invention provides a method of supporting a mem- 
brane, forming part of a liquid lens or flexible 
mirror, under tension and thus provides improved 
liquid lenses and mirrors. 

There have been many proposals for support- 
ing membranes between frame members which 
involve the use of compressible seals and exam- 
ples of such supporting systems are to be found in 
DE-A-71710, US-A-4466706 and FR-A-914827. 
This invention relates to a system of supporting an 
optical membrane under conditions of radial ten- 
sion. 

According to this invention a flexible membrane 
arrangement comprising a flexible membrane in- 
tended to serve as a boundary surface of a liquid 
lens or a flexible membrane mirror, and a suspen- 
sion system for said flexible membrane, comprising 
two identical rings supported opposite one another 
in an annular frame with the membrane placed 
between the two rings, and in which pressure is 
applied to the rings via the frame whereby a cir- 
cumferential zone of each ring surrounding the said 
boundary surface is pressed against the mem- 
brane, is characterised in that each ring is resilient 
and initially makes a line of contact with the mem- 
brane, the two lines of contact confronting one 
another and in that the applied pressure causes 
each said line of contact to become an annular 
zone producing a net outwardly directed radial ten- 
sion at all points in the membrane, and thus hold- 
ing it in a flat condition under tension. 



The preamble of this definition of the invention 
is derived from DE-A-71710. 

Conveniently the resilient rings are identical 
rings of elastomeric material of circular cross-sec- 

s tion (known as O-rings) but identical rings of 
elastomeric material of non-circular cross-section 
can also be used. 

In place of solid O-rings, hollow O-rings can be 
used. The pressure in a hollow O-ring can be 

w varied to modify the radial tensions induced by it. 
Hollow O-rings can be divided into two or more 
sealed sections of the same or different lengths 
whereby the properties of each section can be 
altered by gas or liquid pumped into them. By 

is varying the pressure in different sections, unequal 
radial tensions can be induced in the supported 
membrane. This allows controllable compensation 
for unequal forces acting on the membrane, such 
as centrifugal forces (if the boundary surface is part 

20 of a rotating system) or gravitational forces. 

The resilient ring may be held in its supporting 
frame but not attached to it. However, the ring may 
be bonded to a supporting frame or even be an 
integral part of it. Thus, for example a moulded 

25 frame of plastics material may have an extrusion 
with a semi-circular cross-section or a cross-sec- 
tion of some other appropriate shape extending 
from the frame in a position in which the resilient 
ring is required. To ensure adequate resilience, the 

30 extruded ring may be hollow. 

The compression forces applied at different 
parts of the circumference of the annular frame can 
be varied. This will cause different radial tensions 
in different parts of the membrane and allow con- 

35 tro liable compensation for unequal forces which 
might be acting on the membrane (such as the 
centrifugal or gravitational forces mentioned 
above). 

The force on the supported membrane at any 

40 point where the rings contact it, is determined by 
the compression forces acting on the resilient rings 
and the diameter and cross-sectional shape of the 
rings. The local force on the resilient rings may be 
altered by changing any of these parameters. 

45 In one convenient application of the system of 
the invention an adjustable liquid lens or mirror 
comprises a chamber delimited by a flexible mem- 
brane surface, a first fluid medium filling the cham- 
ber which, in the case of a lens, has a different 

50 refractive index from that of a second fluid medium 
contacting the other side of the flexible membrane, 
and an annular support member for the flexible 
membrane comprising relatively movable first and 
second component parts, the first and second com- 

55 ponent parts of the support member exhibiting 
closely adjacent cylindrical matching surfaces be- 
tween which an O-ring seal is located and being 
adjustably linked in a fluid-tight manner whereby 
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the volume of the chamber is adjustable by moving 
one component part of the support member relative 
to the other along their common cylindrical axes in 
such wise as to vary the pressure in the first fluid 
medium and thereby to alter the shape of the said 
membrane surface, the membrane defining said 
membrane surface being held in place between a 
compressed pair of O-rings. 

The lens or mirror desirably has the compo- 
nent parts of the support member screw-threaded 
together so that relative rotation of one in or on the 
other causes the required pressure change in the 
first fluid medium. Alternatively, one component 
part may fit into the other so that by sliding it in or 
out (by use of a ratchet or other means) the pres- 
sure may be altered accordingly. 

The invention will now be further described, by 
way of example, with reference to the accompany- 
ing drawings, in which: 

Figure 1 shows, in schematic cross-section, a 
first embodiment of liquid lens in accordance 
with this invention, 

Figure 2 shows, in cross-section, an alternative 
form of resilient ring for supporting a membrane 
in the lens of Figure 1 , 

Figure 3 illustrates the mode of operation of the 
resilient rings in supporting the membrane, 
Figure 4 is a purely schematic sectional side 
elevation of a second embodiment of liquid lens 
according to the invention, 
Figure 5 is a view similar to Figure 4 but of a 
two cavity liquid lens, 

Figure 6 shows a schematic exploded sectional 
side elevation of a fourth embodiment of liquid 
lens according to the invention, 
Figure 7 shows a partly sectioned side view of 
the assembled liquid lens of Figure 6, and 
Figure 8 shows, in schematic sectional view, a 
pair of spectacles with two liquid lenses accord- 
ing to the invention. 
Figure 1 shows a liquid lens formed between 
flexible membranes 10 and 11. The membranes in 
this example are of high-grade plastic foil (e.g. that 
known under the Trade Mark "Melinex") and have 
a thickness of some twelve microns. Each mem- 
brane is clamped between a pair of O-rings 13-16 
supported in an annular frame made up of a body 
17 and two end caps 18, 19. The O-rings are 
received in grooves in the frame and these are 
sized to ensure each O-ring is compressed (e.g. by 
380 to 500 urn) against the respective membrane. 

The body 17 is provided with a through-pas- 
sage 20 through which a transparent liquid is fed 
into a space 21 defined within the body 17 be- 
tween the membranes 10 and 11. A syringe (part 
shown at 22) can be connected to the passage 20 
to vary the volume of liquid in the space 21 and 
thus vary the shape of the membranes 10. 11. The 



chain line 10a shows how the membrane 10 might 
appear with a reduced pressure in the space 21 
and the line 11a how the membrane 11 might 
appear with a supra-atmospheric pressure in the 

5 space 21. 

Each end cap 18, 19 is clamped to the body 
17 by a number of fixing means 23. One of the 
fixing means has been shown as a screw 24 
threaded into the body 17 and compressing the O- 

70 rings against the respective membrane via a spring 
25. The spring 25 can be omitted and the screw 24 
can be replaced by U-clamps or other fixing 
means. 

Figure 2 shows a scrap section through part of 

75 the frame of a liquid lens, the membrane being 
shown at 10', one end cap at 18', part of the body 
at 1/, and the sealing rings at 13', 14'. In this 
case, the rings 13', 14' are of non-circular cross- 
section and the grooves locating them are inclined 

20 to the axis of the aperture in the end cap 18'. 

Figure 3 shows the cross-section of two O- 
rings 15', 16' with a membrane 11' grasped be- 
tween them. When downward pressure is applied 
on the upper ring 15' at A, and upward pressure on 

25 the lower ring 16' at B, the resultant forces in the 
plane of the membrane 11* acting at the position of 
contact, C, tend to move this outward, in the direc- 
tion of the arrow D. This causes radial stretching of 
the membrane 11'. 

30 The membrane 10 (11) can be silvered on 
either or both of its upper and lower surfaces to 
create a mirror of variable curvature. In the case of 
a mirror, one of the membranes can be replaced 
by a non-flexible plate closing off the volume 21 

35 and in the case of a lens, one of the flexible 
membranes 10 or 11 can be replaced by a rigid 
lens to make a two-part combination lens, one part 
of which is a liquid lens. Clearly locating a rigid 
lens in the space 21 between two flexible mem- 

40 branes will give rise to a three-part combination 
lens, the two outer parts of which are liquid lenses. 
Other combinations of liquid/solid lenses are clearly 
possible. 

It is also possible to have liquid on the side of 
45 the membrane 10/11 outside the space 21, the 
latter containing a gas or a liquid with a different 
refractive index from that appearing outside the 
space 21 . 

Figure 4 (not drawn to scale) shows a further 
so embodiment of adjustable power lens. An anterior 
flexible transparent membrane 31 is held in an 
outer part 33 of an annular holder 32 between a 
pair of O-rings 34 and 35. A posterior membrane 
36 is held in a similar manner in an inner part 37 of 
55 the holder 32 by a further pair of O-rings 38, 39. 
The cavity 40 defined in the bore 41 of the holder 
between the membranes 31 and 36 is filled with a 
suitable liquid such as water, alcohol, gelatine or 
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glycerol, and an O-rlng seal 42 prevents leakage of 
the filling liquid between the parts 33 and 37. The 
part 37 screws into the part 33 at 43. By screwing 
the holder part 37 towards or away from the holder 
part 33, the pressure in the cavity 40 can either be 
increased causing the membranes 31, 36 to flex 
outwardly and the liquid lens to become more 
positive, or reduced, causing the liquid lens to 
become more negative. The medium in contact 
with the upper surface of the membrane 31 and the 
lower surface of the membrane 36 would normally 
be air but it will be appreciated this need not be 
the case. The bore 11a could contain some other 
gas or even a liquid of different refractive index 
from that filling the cavity 40. 

The means for turning part 37 relative to part 
33 of the holder 32 to effect a lens power change 
can take many forms. It could, for example, be a 
knurled ring 44 surrounding part 33 and connected 
to part 37 via a rod 45 located in an arcuate slot 46 
in the part 33. Displacement without rotation is also 
possible (e.g. with an external screw clamp). 

Figure 5 shows a rather more complex liquid 
lens having two liquid lenses one above the other. 
Where appropriate the same reference numerals 
have been used in Figure 5 as were used in Figure 
4 to designate similar integers. The compound 
adjustable membrane autofocus lens shown in Fig- 
ure 5 has a third housing part 47 screw-threaded 
into the part 37 with a separate O-ring seal 48. 

The third part 47 supports an O-ring tensioned 
third membrane 49 which defines a second cavity 
50 inside the bore 31a. The third part 47 can be 
axialty adjusted relative to the second part 37 to 
adjust the pressure in the liquid filling the cavity 50. 
This adjustment could be by way of a ring 51 
operating in a manner similar to that described 
above for the ring 44. Since membrane 36 is now 
common to the cavities 40 and 50 adjustment of 
the pressure in one will have an effect on the 
power of the liquid lens defined by the other. This 
may be of advantage, but if not, can readily be 
compensated for by appropriate readjustment of 
the other ring 44 or 51. Different liquids can be 
used in the two cavities 40 and 50. 

Figures 6 and 7 illustrate a lens of a relatively 
compact design. As with the previous designs 
there are two transparent membranes (e.g. 23 mi- 
cron thickness type D "Mylar" (RTM) material) 31 
and 36 (shown only in chain lines) tensioned be- 
tween respective pairs of O-rings 34, 35 and 38, 
39. The housing 32 comprises a pair of annular 
members 52 and 53 which when interengaged with 
the membranes in place define a fluid-tight cham- 
ber of variable volume. The O-rings 34, 35 are 
pressurised on either side of the membrane 31 by 
an annular fixing plate 52a and the O-rings 38, 39 
are pressurised on either side of the membrane 36 



by an annular fixing plate 53a. Both fixing plates 
are tightened in place to tension the respective 
"MYLAR" membrane by means of a ring of screws 
(only shown schematically at 54). 

s The annular members 52, 53 are sealed in 

fluid-tight manner by an O-ring 55 designed to be 
located in a groove 56 in a cylindrical outer surface 
57 of the member 53. A part 58 of the surface 57 is 
screw-threaded to mesh with a threaded part 59 of 

io a second cylindrical surface 60 forming part of the 
member 52. The size of the O-ring 55 and the 
dimensions of the groove 56 in which it is located 
are selected (in known manner) to obtain sufficient 
deformation of the O-ring to provide a good fluid- 

75 tight seal between the surfaces 57 and 60 but not 
so great a deformation as to make it difficult to 
occasion relative rotation between the members 52, 
53 when the power of the lens is to be adjusted. 
The chamber 61 created in the member 52 by the 

20 seal 55 and the membranes 31 and 36 could be 
filled with air-free distilled water 62, for example as 
shown in Figure 7. 

Figure 7 shows the Figure 6 embodiment fully 
assembled and arranged to provide a negative 

25 double-concave lens. The liquid 62 filling the 
chamber 61 between the membranes 31 and 36 is 
at sub-atmospheric pressure, the pressure being 
adjusted by screwing the member 53 into or out of 
the member 52. Screwing in will reduce the power 

30 of the negative lens and screwing out will increase 
the power of the lens. 

It will be seen therefore that the lens construc- 
tions shown in Figures 4 to 7 each include a 
piston-type arrangement in which one housing 

35 member moves as a sealed piston within the other 
to provide a "pumpless" lens. 

In each of the lens designs illustrated one of 
the membranes may be replaced by a substantially 
rigid solid fluid-tight transparent member which 

40 may or may not have a power different from unity. 

A telephoto lens is a system of lenses de- 
signed to allow a camera to photograph a mag- 
nified image of distant objects. A zoom lens is a 
system of lenses which can be adjusted by altering 

45 the physical arrangement of the lens components 
therein so as to alter the overall focal length and 
field of view to give it telescopic or near-field 
properties. Autofocus lenses of the kind described 
above may be used in place of solid lenses in a 

50 telephoto or zoom lens, telescope, binoculars, mi- 
croscope, camera, or other optical device. They 
may be used in combination with fixed lenses. 
Thus a zoom lens can be constructed of two ad- 
justable membrane autofocus lenses in sequence, 

55 one having a negative and the other a positive 
power. The relative positions of the lenses do not 
require to be altered in order to change the focal 
length of the combination. This can be done by 
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rotating the inner or outer part of the holder of one 
or the other of the autofocus lenses. 

If the anterior surface of a liquid lens (say 
membrane 31 in Figure 4) is covered with a reflec- 
tive coating, this produces a flexible membrane 
mirror. By displacing the inner part 37 of the holder 
32 in Figure 4, the focus of the membrane mirror 
31 can be altered. A mirror of this construction can 
be considered to be an autofocus membrane mir- 
ror. 

A pair of spectacles is a device consisting of 
two lenses in a frame that allows the lenses to be 
worn before the eyes so as to correct errors of 
refraction or supplement deficient accommodation. 
Spectacles are traditionally made with solid lenses. 
These have the disadvantage that the focal length 
is restricted (in the case of a bifocal lens to two 
values) and is not adjustable on demand. Rgure 8 
illustrates one possible design for spectacles in 
which the solid lenses have been replaced by 
autofocus lenses. The frame (shown at 70 in Figure 
8) incorporates two holders 72, 72'. By rotating the 
inner parts 77 and 77' in the left and right lenses, 
the focus of each lens can be adjusted over a 
continuous range of values to suit the eye of the 
wearer for an object of regard at a given distance. 
The frame 70 may attach directly to the part 77, in 
which case the outer part 72 may fit on to part 77 
by a screw- or slide-fitting. 

Discs 81 and 82 of transparent unbreakable 
plastic or glass may be fixed to the rear and front 
of each liquid lens holder so as to protect the 
flexible membranes 71 and 76 from dirt and dam- 
age. The discs 81 and 82 may be clip-on or 
otherwise removable attachments (e.g. bayonet or 
screw mounted), or they could be permanently 
attached. The discs 81 and 82 may themselves be 
solid lenses that provide a basic correction to vi- 
sion which can be further adjusted by altering the 
focal lengths of the liquid lenses. They may be 
planar, or they may have a cylindrical surface to 
allow for the correction of astigmatism. The sur- 
faces of one or both discs may be so shaped as to 
correct for any aberrations associated with the liq- 
uid lens over a range of focal lengths. They may 
be transparent or tinted (e.g. light-intensity colour- 
controlled), so allowing the spectacles to be used 
as sunglasses of variable focus and variable tint. 
The spectacles of Figure 8 use liquid lenses of the 
kind shown in Figure 4 but other designs are 
clearly possible. Such spectacles may be em- 
bodied in a face mask or respirator so that adjust- 
ment may be made for the wearer's vision without 
requiring him to wear spectacles in addition to the 
mask. 

This invention thus relates to novel types of 
liquid or semi-solid lenses which allow the focus of 
the lens to be altered directly by manipulating the 



relative positions of components of the holders of 
the lenses. Such lenses may be constructed of at 
least one membrane held between O-rings. Direct 
variation in the volume of the chamber delimited by 

5 the membrane(s) may be used to alter the internal 
pressure in the lens and so its focal length, giving 
a lens of directly adjustable focus. Such liquid 
lenses may be combined to produce compound 
lenses with both components separately adjustable 

w or adjustable in some linked manner and they may 
be used to construct telescopes, zoom lenses, 
spectacles, cameras and a wide range of other 
optical devices. 

If the means used for adjusting the pressure 

T5 exerted on the membrane is calibrated in some 
way, the liquid lenses described above can be 
used by an opthalmologist in determining the re- 
fraction of a patient or by an optician in determin- 
ing what power of spherical lens needs to be 

20 prescribed for each eye of a patient. 

The calibration is conveniently arranged to 
read directly in dioptres but it is possible to have 
some other graduated scale and a reference chart 
to relate the scale readings to the appropriate lens 

25 power. Thus the arrangements described could be 
used to provide the calibration by marking a scale 
on one member and providing a pointer, line or 
other reference mark on the other, which moves 
along the scale as the lens power is changed. 

30 It is envisaged that one or a few small disc- 
shaped liquid lenses such as that shown in Rgure 
6 could be used as replacement for the many fixed 
focus lenses normally used in prescribing spec- 
tacles and for other opthalmic purposes. 

35 Further, if the focal length adjustment, in say 
the spectacles of Figure 8, is made sufficiently 
easy to operate and is manually accessible to a 
patient viewing through the liquid lenses, the pa- 
tient can adjust the focat power to optimise the 

40 sharpness of focus he/she is experiencing during a 
test, thereby facilitating the selection of the correct 
lens power required to compensate for vision de- 
fects. 

In case ageing of the membrane produces loss 
45 of calibration accuracy, a re-adjustment facility can 
be provided on each liquid lens to enable periodic 
re-calibration. For example, this could be a sepa- 
rate pre-settable pressure-adjusting means, or the 
pointer referred to above could be capable of hav- 
50 ing its position of attachment to the housing ad- 
justed. 

A cylindrical liquid lens of adjustable focus can 
be produced by using membranes of graded thick- 
ness and such liquid lenses can be used to correct 
55 astigmatic errors. 

It is also possible to provide a liquid tens with 
an at least partial cylindrical lens by trapping the 
flexible membrane between confronting O-rings 
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held in respective grooves that follow cylindrical 
surfaces. Thus, for example, the grooves accom- 
modating O-rings 34 and 35 in Figure 4, rather than 
being coplanar as shown, can each lie on a cylin- 
drical surface, the O-ring 34 (say) lying on a first 
cylindrical surface of a given radius and the O-ring 
35 lying on a second cylindrical surface of the 
same or substantially the same radius. In a pluri- 
chamber liquid lens, cylindrical components can be 
added to more than one of the membranes and the 
axes of the two or more different cylindrical com- 
ponents of the lens surfaces need not be parallel. 
The surfaces followed by a confronting pair of 0- 
rings need not be cylindrical if they are non-planar 
thus leaving open the possibility of fabricating com- 
plex lens surface contours for specific applications. 

Although the tensioned regions of the mem- 
branes disclosed thus far are circular in plan, there 
is no need for this to be the case and the invention 
should be seen to include non-circular tensioned 
membrane regions. In some applications a rectan- 
gular membrane could be used and such a mem- 
brane shape can be achieved either by using a 
rectangular O-ring (e.g. made from lengths of cir- 
cular section elastomeric rod mitre-joined at the 
corners) or by using a pair of circumscribing cir- 
cular O-rings to form the primary seal of the cavity 
to the membrane and to tension the membrane but 
contacting the tensioned membrane within the bore 
of the O-rings by a rectangular frame that defines 
the optical boundary of the liquid lens. 

Claims 

1. A flexible membrane arrangement comprising 
a flexible membrane (10) intended to serve as 
a boundary surface of a liquid lens or a flexible 
membrane mirror, and a suspension system 
for said flexible membrane, comprising two 
identical rings (13, 14) supported opposite one 
another in an annular frame with the mem- 
brane placed between the two rings, and in 
which pressure is applied to the rings via the 
frame whereby a circumferential zone of each 
ring surrounding the said boundary surface is 
pressed against the membrane (10), charac- 
terised in that each ring is resilient and and of 
such a shape that it makes initially a line of 
contact with the membrane, the two lines of 
contact confronting one another and that the 
applied pressure (A, B) causes each said line 
of contact to become an annular zone (C) 
producing a net outwardly directed radial ten- 
sion (D) at all points in the membrane, and 
thus holding it in a flat condition under tension. 

2. A flexible membrane arrangement as claimed 
in claim 1 , characterised in that each ring is an 



elastomeric O-ring supported in a groove in a 
frame (18), each O-ring being compressed 
against the membrane by pressure applied to 
the frames. 

5 

3. A flexible membrane arrangement as claimed 
in claim 1, characterised in that two identical 
resilient rings (13', 14') are employed which 
are of non-circular cross-section and are lo- 

io cated in grooves inclined outwardly in the di- 
rection towards the membrane. 

4. A flexible membrane mirror characterised in 
that it makes use of a flexible membrane ar- 

75 rangement as claimed in any one of claims 1 

to 3, and in that the membrane of said ar- 
rangement is reflective. 

5. An adjustable liquid lens or mirror comprising 
20 a chamber (61) delimited by a flexible mem- 
brane surface (31), a first fluid medium (62) 
filling the chamber which, in the case of a lens, 
has a different refractive index from that of a 
second fluid medium contacting the other side 

25 of the flexible membrane, and an annular sup- 

port member (32) for the flexible membrane 
comprising relatively movable first and second 
component parts (52, 53), the first and second 
component parts of the support member exhib- 

30 iting closely adjacent cylindrical matching sur- 
faces (57, 60) between which an O-ring seal 
(55) is located and being adjustably linked in a 
fluid-tight manner whereby the volume of the 
chamber is adjustable by moving one compo- 

35 nent part of the support member relative to the 

other along their common cylindrical axes in 
such wise as to vary the pressure in the first 
fluid medium (62) and thereby to alter the 
shape of the said membrane surface, the 

40 membrane defining said membrane surface 

being held in place between a compressed 
pair of O-rings (34, 35). 

6. A lens or mirror as claimed in claim 5, charac- 
45 terised in that the first fluid medium is a trans- 
parent liquid, semi-solid or gelatinous sub- 
stance. 

7. A lens or mirror as claimed in claim 5 or claim 
50 6, characterised in that the component parts of 

the support member are screw-threaded to- 
gether so that relative rotation of one in or on 
the other causes the required pressure change 
in the first fluid medium. 

55 

a A liquid tens as claimed in claim 5, 6 or 7, 
characterised by having two spaced-apart flexi- 
ble membrane surfaces (31, 36) delimiting the 
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fluid-filled chamber (61), the relatively adjust- 
able component parts of the membrane sup- 
port member being screw-threaded together 
over part of interengaging cylindrical surfaces 
(43) with an O-ring (42) interposed between 
said surfaces (43), said O-ring defining a part 
of the boundary surface of said chamber, 
whereby rotation of one support member (33) 
part relative to the other (37) changes the 
pressure of the first fluid within the chamber 
and thus effects a change in shape of each 
flexible membrane surface, each membrane 
defining a membrane surface being held in 
place in its respective support member be- 
tween a compressed pair of O-rings (34, 35: 
38, 39). 

9. A liquid lens as claimed in claim 8, charac- 
terised in that there are three flexible mem- 
branes (31 , 36, 49) defining two adjacent fluid- 
filled chambers (40, 50) formed in a housing 
having outer (33), middle (37) and inner (47) 
components, one of said chambers being de- 
fined in part by a seal (42) formed between the 
outer and middle components and the other of 
said chambers being defined in part by a seal 
(48) formed between the middle and inner 
components, the third membrane also being 
held in place between a compressed pair of 0- 
rings. 

10. A liquid lens as claimed in claim 9, charac- 
terised in that relative movement is possible 
between the middle (37) and outer (33) compo- 
nents to vary the volume of the said one 
chamber (40) and relative movement is possi- 
ble between the middle (37) and inner (47) 
components to vary the volume of the said 
other chamber (50). 

11. A pair of spectacles, goggles, a face mask or a 
respirator comprising two liquid lenses as 
claimed in any one of claims 5 to 10 mounted 
in a frame (70). 

12. The combination of a lens as claimed in any 
one of preceding claims 5 to 10 with a further 
fens to provide a telephoto or zoom lens, a 
telescope, binoculars, a microscope or a cam- 
era. 

PatentansprUche 

1. Anordnung fUr eine flexible Membran, die eine 
flexible Membran (10) umfafit, die als GrenzflM- 
che einer RUssigkeitslinse oder eines Spiegels 
mit flexibler Membran dienen soil, sowie eine 
Halterung fUr die flexible Membran, die zwei 
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identische Ringe (13, 14) umfafit, die sich ge- 
genOber in einem ringformigen Rahmen mit 
zwischen den beiden Ringen angebrachter 
Membran gehalten werden, und bei der Uber 
den Rahmen Druck auf die Ringe ausgeUbt 
wird, wodurch ein Umfangsbereich jedes die 
GrenzflSche umgebenden Rings gegen die 
Membran (10) geprefit wird, dadurch gekenn- 
zeichnet, daB jeder Ring elastisch und derartig 
gestaltet ist, daB er anfangs eine BerUhrungsli- 
nie mit der Membran bildet, wobei sich die 
beiden BerOhrungslinien gegenUberstehen, 
und daB durch den ausgeUbten Druck (A, B) 
jede dieser BerOhrungslinien ein ringfflrmiger 
Bereich (C) wird, wobei an alien Stellen in der 
Membran eine nach aufien gerichtete Nettora- 
dialspannung (D) erzeugt und die Membran 
somit unter Spannung in einem flachen Zu- 
stand gehalten wird. 



2. Anordnung fUr eine flexible Membran nach An- 
spruch 1 , dadurch gekennzeichnet, daB es sich 
bei jedem Ring urn einen in einer Nut in einem 
Rahmen (18) gehaltenen elastomeren O-Ring 

25 handelt, der durch auf die Rahmen ausgeUbten 
Druck gegen die Membran gedrUckt wird. 

3. Anordnung fUr eine flexible Membran nach An- 
spruch 1, dadurch gekennzeichnet, daB zwei 

30 identische elastische Ringe (13', 14') nicht- 

runden Querschnitts verwendet und in Nuten 
angebracht werden, die nach auBen zur Mem- 
bran hin geneigt sind. 

35 4. Spiegel mit flexibler Membran, dadurch ge- 
kennzeichnet, daB er eine nach einem der An- 
sprtlche 1 bis 3 beanspruchte Anordnung fUr 
eine flexible Membran benutzt und daB die 
Membran dieser Anordnung reflektierend ist. 

40 

5. Einstellbare(r) RUssigkeitslinse oder Spiegel, 
die/der folgendes umfafit: eine von einer flexi- 
blen Membranf&che (31) begrenzte Kammer 
(61), ein erstes die Kammer fUllendes str5- 

45 mungsfShiges Medium (62), das bei einer Lin- 
se eine von der eines zweiten strtfmungsfShi- 
gen Mediums, das die andere Seite der flexi- 
blen Membran berUhrt, verschiedene Brech- 
zahl aufweist, und ein ringfflrmiges StUtzglied 

50 (32) fUr die flexible Membran, das relativ zuein- 

ander bewegliche erste und zweite Bauteile 
(52, 53) umfaBt, die eng benachbarte, zusam- 
menpassende zylindrische FIMchen (57, 60) 
aufweisen, zwischen denen eine O-Ring-Dich- 

55 tung (55) angebracht ist, und die flOssigkeits- 

dicht in einstellbarer Weise verbunden sind, 
wobei das Volumen der Kammer durch derarti- 
ges Bewegen des einen Bauteils des StUtz- 
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glieds gegenUber dem anderen entlang ihrer 
gemeinsamen zylindrischen Achse eingestellt 
werden Kann, daB der Druck im ersten strfl- 
mungsfShigen Medium (62) geSndert und da- 
durch die Form der MembranflSche verandert 
wird, wobei die die MembranflSche definieren- 
de Membran zwischen einem zusammenge- 
preBten Paar O-Ringe (34, 35) festgehatten 
wird. 

6. Linse Oder Spiegel nach Anspruch 5, dadurch 
gekennzeichnet, daB es sich bei dem ersten 
stromungsfMhigen Medium urn eine durchsich- 
tige flUssige, halbfeste Oder gelatinSse Sub- 
stanz handeit. 

7. Linse Oder Spiegel nach Anspruch 5 Oder 6, 
dadurch gekennzeichnet, daB die Bauteile des 
StUtzglieds miteinander verschraubt sind, so 
daB eine relative Drehung des einen in oder 
auf dem anderen die erforderliche DruckSnde- 
rung im ersten strflmungsfShigen Medium ver- 
ursacht. 

8. FlUssigkeitslinse nach Anspruch 5, 6 oder 7, 
gekennzeichnet durch zwei voneinander beab- 
standete flexible MembranflSchen (31 , 36), die 
die mit dem Fluid gefUllte Kammer (61) be- 
grenzen, wobei die relativ zueinander einstell- 
baren Bauteile des MembranstUtzglieds Uber 
Teil der ineinandergreifenden zylindrischen 
FlSchen (43) verschraubt sind und ein O-Ring 
(42) zwischen den FIMchen (43) eingesetzt ist, 
der einen Teil der GrenzflSche der Kammer 
definiert, wodurch Drehung eines Teits (33) 
des einen StUtzglieds relativ zu dem anderen 
(37) den Druck des ersten Fluids in der Kam- 
mer Sndert und somit eine Anderung der Form 
jeder flexiblen Membranfl&che bewirkt, wobei 
jede eine MembranflSche definierende Mem- 
bran zwischen einem zusammengepreBten 
Paar O-Ringe (34, 35;38, 39) in ihrem jeweili- 
gen StUtzglied festgehalten wird. 

9. FlUssigkeitslinse nach Anspruch 8, dadurch ge- 
kennzeichnet, daB drei flexible Membranen 
(31, 36, 49) zwei benachbarte, mit einem Fluid 
gefUllte Kammern (40, 50) definieren, die in 
einem Gehduse mit SuBeren (33), mittleren 
(37) und inneren (47) Komponenten ausgebil- 
det sind, wobei eine der Kammern teilweise 
von einer zwischen der SuBeren und mittleren 
Komponente ausgebildeten Dichtung (42) und 
die andere Kammer teilweise von einer zwi- 
schen der mittleren und inneren Komponente 
ausgebildeten Dichtung (48) definiert wird und 
die dritte Membran auch zwischen einem zu- 
sammengepreBten Paar O-Ringe festgehalten 



wird. 

10. FlUssigkeitslinse nach Anspruch 9, dadurch ge- 
kennzeichnet, daB eine Relativbewegung zwi- 

5 schen der mittleren (37) und SuBeren (33) 

Komponente mtigiich ist, urn das Volumen der 
einen Kammer (40) zu Sndern, und eine Rela- 
tivbewegung zwischen der mittleren (37) und 
inneren (47) Komponente mSglich ist, urn das 

10 Volumen der anderen Kammer (50) zu dndern. 

11. Brille, Schutzbrille, Gesichtsmaske Oder Atem- 
schutzgerSt, die zwei in einem Rahmen (70) 
eingesetzte FlOssigkeitslinsen nach einem der 

75 AnsprUche 5 bis 10 umfassen. 

12. Kombi nation aus einer Linse nach einem der 
vorhergehenden AnsprUche 5 bis 10 mit einer 
weiteren Linse zur Schaffung eines Teleobjek- 

20 tivs oder Zoom-Objektivs, eines Fernrohrs, ei- 

nes Fernglases, eines Mikroskops oder eines 
Fotoapparats. 

Revendlcatlons 

25 

1. Dispositif k membrane flexible comportant une 
membrane flexible (10) destin6e k servir de 
surface de delimitation d'une lentille liquide ou 
d'un miroir k membrane flexible, et syst&me 

30 de suspension pour ladite membrane flexible 
comportant deux anneaux identiques (13, 14) 
supports en regard Tun de Tautre dans une 
monture annulaire, la membrane Stant placSe 
entre les deux anneaux, et dans lequel on 

35 applique de la pression aux anneaux par I'in- 

termddiaire de la monture, une zone circonfe- 
rentielle de chaque anneau entourant ladite 
surface de delimitation 6tant ainsi press£e 
contre la membrane (10), caract£ris£ en ce 

40 que chaque anneau est 6lastique et de forme 

telle qu'il 6tablisse initialement une ligne de 
contact avec la membrane, les deux lignes de 
contact se faisant face et que la pression appli- 
qu£e (A, B) fait que chaque dite ligne de 

45 contact devient une zone annulaire (c) produi- 
sant une tension radiale (D) nette dirigge vers 
i'extgrteur en tous points de la membrane, et 
done la maintenant k plat sous tension. 

so 2. Dispositif k membrane flexible selon la reven- 
dication 1, caract£ris6 en ce que chaque an- 
neau est un joint torique £Iastom&re, support^ 
par une rainure dans une monture (18), chaque 
joint torique gtant comprint contre la membra- 

55 ne par la pression appliqu£e aux montures. 

a Dispositif k membrane flexible selon la reven- 
dication 1 , caract6ris£ en ce que Ton emploie 
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deux anneaux eiastiques identiques (13\ 14') 
de section transversale non-circulaire et qui 
sont situ6s dans des rainures inclin^es vers 
I'extgrieur en direction de la membrane. 



7. Lentille ou miroir selon la revendication 5 ou la 
revendication 6, caracterise en ce que les pie- 
ces constituantes de I'organe support sont file- 
t£es ensemble de sorte qu'une rotation relative 
de Tune dans ou sur I'autre provoque le chan- 
gement de pression souhaite dans le premier 
milieu fluide. 



etant filet^es ensemble sur une partie des sur- 
faces cylindriques (43) engages I'une dans 
I'autre avec un joint torique (42) interpose en- 
tre lesdites surfaces (43), ledit joint torique 
d£finissant une partie de la surface de delimi- 
tation de ladite chambre, la rotation d'une par- 
tie de I'organe support (33) par rapport h I'au- 
tre (37) changeant ainsi la pression du premier 
fluide au sein de la chambre et done provo- 
quant un changement de la forme de chaque 
surface de membrane flexible* chaque mem- 
brane ddfinissant une surface de membrane 
etant maintenue en place dans son organe 
support respectif entre une paire de joints tori- 
ques comprimSe (34, 35; 38, 39). 

9. Lentille liquide selon la revendication 8, carac- 
t6ris£e en ce qu'il y a trois membranes flexi- 
bles (31, 36, 49) dgfinissant deux chambres 
adjacentes (40, 50) remplies de fluide formSes 
dans un logement ayant des constituants ex- 
terna (33), intermediate (37) et interne (47), 
Tune desdites chambres etant d£finie en partie 
par un joint d'£tanch£it£ (42) forme entre les 
constituants externe et intermediate, et I'autre 
desdites chambres etant definie en partie par 
un joint d'etancheite (48) forme entre les 
constituants intermediate et interne, la troisfe- 
me membrane etant egalement maintenue en 
place entre une paire de joints toriques com- 
primee. 

10. Lentille liquide selon la revendication 9, carac- 
terisee en ce qu'un mouvement relatif est pos- 
sible entre les constituants intermediate (37) 
et externe (33) pour faire varier le volume de 
ladite une chambre (40) et qu'un mouvement 
relatif est possible entre les constituants inter- 
mediate (37) et interne (47) pour faire varier le 
volume dans ladite autre chambre (50). 

11. Paire de lunettes, lunettes protectees, mas- 
que antipoussi&re ou respirateur comportant 
deux lentilles liquides selon Tune quelconque 

45 des revendications 5 2M0, montees dans une 
monture (70). 

12. Combinaison d'une lentille selon I'une quelcon- 
que des revendications 5 & 10 precedentes 

50 avec une autre lentille, pour produire un te- 
leobjectif ou un zoom, un telescope, des ju- 
melles, un microscope ou un appareii photo- 
graphique. 



8. Lentille liquide selon la revendication 5, 6 ou 7, 
caracterisee en ce qu'elle a deux surfaces (31 , 
36) separees de membrane flexible deiimitant ss 
ia chambre (61) remplie de fluide, les pieces 
constituantes ajustables I'une par rapport & 
I'autre de I'organe support de la membrane 



4. Miroir & membrane flexible, caracterise en ce 
qu'ii utilise un dispositif & membrane flexible 
selon I'une quelconque des revendications 1 h 
3, et en ce que la membrane dudit dispositif 
est retiechissante. w 

5. Miroir ou lentille liquide ajustabie comportant 
une chambre (61) deiimitee par la surface (31) 
d'une membrane flexible, un premier milieu 
fluide (62) remplissant la chambre, qui, dans le 75 
cas d'une lentille, a un indice de refraction 
different de celui d'un deuxi^me milieu fluide 
en contact avec I'autre cdte de la membrane 
flexible, et un organe support annulaire (32) 
pour la membrane flexible comportant des pre- 20 
mfere et seconde pieces constituantes (52, 53) 
mobiles I'une par rapport k I'autre, les premie- 
re et seconde pieces constituantes de I'organe 
support presentant des surfaces cylindriques 
conjuguees trfcs proches I'une de I'autre (57, 25 
60) entre lesquelles est situe un joint d'etan- 
cheite torique (55) et etant raccordees de ma- 
nure ajustabie et etanche, le volume de la 
chambre pouvant etre ainsi ajuste en depla- 
gant une piece constituante de I'organe sup- 30 
port par rapport h I'autre le long de leurs axes 
cylindriques communs de maniere & faire va- 
rier la pression dans le premier milieu fluide 
(62) et done & modifier la forme de ladite 
surface de membrane, la membrane definis- 35 
sant ladite surface de membrane etant mainte- 
nue en place entre une paire de joints toriques 
comprimee (34, 35). 

6. Lentille ou miroir selon la revendication 5, ca- aq 
racterise en ce que le premier milieu fluide est 
un liquide transparent, une substance semi- 
solide ou geiatineuse. 
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